Intradermal injection of a fluorescent dye (riboflavin) and ultraviolet light were used to demonstrate cutaneous lymphatic capillaries. 
Intradermal injection of a fluorescent dye (riboflavin) and ultraviolet light were used to demonstrate cutaneous lymphatic capillaries. The extremities of a control group and the nonedematous extremities of patients with arteriosclerosis obliterans were studied together with edematous extremities of patients with lymphedema, acute thrombophlebitis, chronic venous insufficiency and various other conditions.
The lymphatic capillaries showed up more extensively after a higher percentage of injections into edematous extremities of patients with lymphedema than after injections into the other extremities. On the other edematous extremities except in the cases of nephrotic syndrome and on the normal extremities, either no lymph capillaries or only a few were visible after most of the injections.
D URING the course of a previous in- vestigation ' it became apparent that after intradermal injections of a fluorescent substance (riboflavin), a network of capillaries could be demonstrated with greater ease and frequency in the skin of extremities affected by lymphedema than in normal ones.
Subsequently, we have extended our studies to include more than 200 patients and normal subjects. This report is a summary of our findings.
METHODS AND MATERIALS Intradermal wheals were made by injecting 0.1 cc. of a solution containing 2.5 mg. of the sodium salt of riboflavin (Flavaxin*) per cubic centimeter. Tuberculin syringes and well-sharpened 27-gage, one-half inch long hypodermic needles were used. The injections were made with the subjects in the supine position in a darkened room so that the resultant fluorescent wheals and patterns could be observed immediately under a portable ultraviolet lamp.t These studies were confined to the lower extremities in every case except for one woman in whom a lymphedematous upper extremity was injected.
From the Section of Medicine and the Section of Physiology, Mayo Clinic; the Mayo Foundation, a part of the Graduate School of the University of Minnesota, Rochester, Minn.
* Furnished for this study by Winthrop-Stearns, Inc., New York. t A General Electric CH-4 spot projector with a 100-watt lamp was used for these studies.
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In most cases the intracutaneous injections were made on the medial aspect of the leg about 3 or 4 cm. superior to the internal malleolus. When pigmentation or ulceration precluded use of this site, injections were made more superiorly. When edema was confined to the dorsum of the foot, injections were made in that region also. Usually more than one injection was made in each extremity studied.
When the intradermal wheals are being made, caution must be exercised lest the injection be too deep in which case the typical patterns will not appear. If any of the solution leaks onto the surface of the skin, surface fluorescence will obscure the underlying pattern.
SELECTION OF NORMAL SUBJECTS AND PATIENTS
For control, injections were made into the skin of the lower extremities of 71 persons who had no history or objective evidence of peripheral edema or any circulatory disorder affecting the lower extremities. Many of these persons were physicians, nurses, secretaries and laboratory technicians. Others were patients, most of whom were hospitalized for treatment of essential hypertension and none of whom had any evidence of disease in the lower extremities. All consented to the procedure.
An attempt was made to study as many patients with edema of the lower extremities as possible provided that the cause of the edema was not complex and was well established. Many of the patients did not have edema at the time of the injections. The condition of the patients and the number in each group will be considered when the observations are reported.
flavin is properly injected into the skin and the region is viewed under ultraviolet light. When the volume of the injection is 0.1 cc., the diameter of the wheal is approximately 1.0 cm. and is remarkably constant except in some edematous extremities where it may be smaller. In addition to the wheal which inevitably appears after all injections, in many extremities, an intertwining reticular pattern may be observed at the periphery of the wheal. This fluorescent reticular network, if present, may form a partial or complete halo around the circumference of the central wheal and may vary from a few millimeters to as much as 10 cm. in width. In general, the larger the reticular pattern, the smaller the central wheal. In some instances, fluorescent reticulation may be seen at some distance from the central wheal and separated completely from it. Two womnei and one man in each of whom one pattern of type 3 was observed were suffering from essential hypertension but none had ever had peripheral edema. The fourth pattern of type 8 was observed in the leg of a female physician, aged 26 years. Each of these four subjects received three additional injections which resulted in patterns of types 0 and 1. 'Islands" were observed in three of the four patterns in this group which were classified as type 3.
PATTFERNS OBSERVED IN PATIENTS WITH
ARTERIOSCLEROSIS OBLITERANS Twelve patients suffering from arteriosclerosis obliterans of the lower extremities were studied. All had ample evidence of severe ischemia but none had ever noted peripheral edema. Ten were men. The ages of all varied from 38 to 83 years and the mean age was 62 years. The frequency with which the various fluorescent patterns were observed in this group is given in table 1. None of the 34 injections resulted in a pattern of type 4 and only one, which was made into an 83-year-old woman, resulted in a pattern of type 3. Three additional injections into the legs of this woman resulted in patterns of types 1 and 2. No "islands" were noted.
A 612 year old man who had arteriosclerosis obliterans was not included in this group of 12 patients because he also had had severe edema of undetermined etiology ill both legs for nine months prior to the injection. Numerous injections into this man's legs resulted repeatedly in patterns of types 2, 3 and 4 without islands.
Because the patterns observed in the ap- Patterns of types 3 and 4 were seen as frequently in extremities with minimal or no edema at the time of injections as in extremities that were grossly edematous. In four extremities injections were repeated after the amount of edema had been reduced by a period of rest in bed with elevation of the legs. In none did the patterns produced by the second injections change appreciably as compared with the first.
In general the duration of edema had no effect on the patterns observed. Patterns of types 3 and 4 were seen as frequently in extremities that had been edematous for less than six months as in those that had been edematous for 10 to 20 years. When edema had been present for more than 20 years, however, patterns of types 3 and 4 tended to be less frequent.
Islands were noted after almost 50 per cent of the injections.
Obstructive Lymphedema. Twelve patients with lymphedema secondary to lymphatic obstruction were studied. The obstruction was caused by metastatic carcinoma in 10 patients and by Hodgkin's disease in one, and it followed radical mastectomy in one. Seven of the patients were females. The ages of all varied from 38 to 69 years and the mean age was 53 years. The duration of edema at the time of the injections varied from 1 week to 14 years with a mean of 18 months. Fourteen of the 17 involved extremities had been edematous for less than nine months, however. All but two extremities showed pitting edema at the time of the injections and in eight it was graded 3 or 4 (on a grading basis of 0 to 4). The fre- One pattern of type 4 and five of type 3 were encountered after injections into six extremities of four patients. Islands were seen after four injections. Three of the five patterns of type 3 were seen in extremities that had been edematous for less than 6 months. Patterns of type 1 were observed in the legs of the patient who had had edema for two and onehalf years.
Miscellaneous Conditions. Two patients had GIFFORD, WINDESHEIM, ESTES ANI) ROTH pitting edema of the lower extremities owing to hypoproteinemia from causes other than nephrosis and cirrhosis of the liver. The duration of edema was less than three months in both cases and all patterns observed were of types 0 and 1. One patient had had edema of the ankles intermittently for six months owing to therapy with hydralazine (Apresoline). No edema was present at the time of the injections, and all patterns observed were of type 1.
Two patients who had massive edema of the lower extremities secondary to decompensated hepatic cirrhosis were included. Patterns of type 3 were noted in three of the four extremities and islands were noted in one. The edema had been present for three months in one case and 11 months in the other.
PATTERNS OBSERVED IN APPARENTLY NORMAL COMPANION EXTREMITIES OF PATIENTS
WITH UNILATERAL EDEMA Thirty-nine patients had unilateral edema of the lower extremities and their apparently normal extremities were injected as well as the edematous ones. In only one of these apparently normal extremities was a pattern of type 4 noted. The disease in the opposite leg of this patient was lymphedema praecox. One pattern of type 3 developed in the apparently normal leg of a patient with acute iliofemoral thrombophlebitis in the opposite leg. Patterns of type 2 were noted in the apparently normal legs of two patients who had unilateral lymphedema praecox. In the remaining 35 patients with unilateral edema, all patterns observed in the apparently normal extremities were of types 0 and 1.
COMMENT
We do not claim to be measuring lymph flow by the technic described. It is our assumption, however, that the reticular network surrounding the central wheal represents the ramifications of cutaneous lymphatic capillaries which become filled with the fluorescent solution during the injection. Specimens of lymphedematous skin and subcutaneous tissue obtained at operation were injected repeatedly and a typical reticular pattern was obtained; unfortunately however, the riboflavin solution was lost, in the process of preparing the tissue for sections. As a result microscopic confirmation that the solution of riboflavin is actually in cutaneous lymphatic capillaries is lacking. Hudack and McMaster4, however, have injected India ink and gelatin into the skin and have found on examining such specimens microscopically that the superficial plexus of lymph vessels and the deeper-draining trunks are filled.
Hudack and McMaster4 also emphasized that the lymphatic capillaries filled immediately after the injection. Our observations confirm this. These investigators wvere able to demonstrate a cutaneous network of lymphatic capillaries after nearly every intradermal injection of nonfluorescent dyes, and they consequently stated that, because of the extensive intertwining network of lymphatic capillaries in human skin, every intracutaneous injection was to some extent an intralymphatic injection.
Uinder the conditions of our investigation, however, we found that cutaneous lymphatic capillaries were filled poorly or not at all in normal as well as in many edematous extremities. In sharp contrast, we found that extensive capillary networks were deinonstrated with relative ease in extremities affected by lymphedema. This observation also has been made by Kinmoiuth and Taylor5 while using a nonfluorescent dye, patent blue V.
This naturally leads to the speculation that dilated capillaries of an incompetent lymphatic system are an easy target for the needle and become filled with the solution of riboflavin. Normal lymphatic capillaries, on the other hand, being empty and collapsed6 are not so easily penetrated by the needle and hence not so frequently or extensively filled. It is conceivable that they do become filled with the solution but in the absence of lymphostasis any dye injected directly into the capillaries is so rapidly removed that it is not visible by the method which we employed. 
